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Abstract
This paper aims to investigate if the number of oil tankers available for 
Korea to utilize in 2009, 822 vessels with 6.74 million GT, will be enough 
to meet Korea’s transportation demand for future crude oil import.  A time 
serious econometric model is developed and applied to a set of annual data 
series covering the 1980-2009 period. Based upon the long run elasticity of 
tanker demand and the projected future crude oil demand for Korea until 
be generated in Korea for at least a short to medium term until 2015, which 
will exert a downward pressure on Korea’s already depressed freight rate.
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I. Introduction
Korea’s rapid economic industrialization spanning over the last half a 
century has resulted in natural resource deficient Korea’s high dependence 
on such imported energy as crude oil, natural gas and coals.  Thus in 2008, 
Korea was ranked at the 10th most energy consuming country in the world. 
Unlike other types of energy resource, Korea had to import crude oil entirely 
from overseas as there was no domestic production of it, which accounts for 
a lion’s share of imported energy. In 1968-2009, Korea’s import of crude oil 
has showed a leaps and bounds growth, although a little setback in the growth 
trend occurred in the post-Asian Financial Crisis period. For example, Korea’s 
oil import increased from 37.4 million barrels in 1968 to 773.4 million barrels 
in 2009, recording more than a 20-fold increase <Figure 1>. 
<Figure 1> Korea’s Total Energy Production and Oil Import (1968-2009)
Source: Korea Energy Statistics Information System (www.kesis.net)
Due to a high dependence on imported energy in general and especially 
on crude oil, Korean government’s focus has been laid much on the stability 
of the oil supply. The government’s efforts to secure stable oil supply at an 
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high level of volatility and/or heightened competition in international energy 
markets.1) However, securing oil supply has two aspects to consider: One, 
securing the oil supply itself from oil producing countries, and the other 
transporting it to Korea from the oil producing countries or regions. Among 
two major methods available for oil transportation, i.e. pipelines and oil 
tankers, Korea has so far solely depended on crude oil tankers to transport 
oil from oil exporting countries and regions.  As of 2009, Korean shipping 
charter with purchase option)) with 6.73 million GT, revealing another 
dramatic growth from 461 tankers with 1.95million GT in 1980.
issue of improving operational efficiency through routing and scheduling, 
whereas the latter is fundamentally that of fleet planning.  Fleet planning 
involves estimating an optimum amount of tonnage given the level of demand 
and voyage characteristics.  Although the two issues are closely related, 
they should be treated separately. The fleet size of oil tankers in Korea has 
increased almost in tandem with an expansion of the volume of crude oil 
is adequate enough to accommodate transporting Korea’s future demand for 
crude oil from the exporting regions. Thus, the question itself may be more 
aptly qualified as a long term fleet planning issue. Numerous studies were 
problems, and empty container managements.2) However, the literature 
intends to make a contribution to the literature by providing an answer to 
that particular question raised above by conducting a time series econometric 
analysis, with a special emphasis laid on the Korea’s experience. 
The remaining part of the paper is structured as following. In section 2 
laid on the aspect of long term vessel planning. In section 3 we present an 
1) Kang (2008); Cameron and Keppler (2010).
2) Shintani, et al (2007) ; Christiansen, Fegeholt and Ronen (2004) ; Imai ad Rivera (2001) ; Fagerholt (2001 & 1999) ; Bendall and 
Stent (2001) ; Xie, Wang and Chen (2000), and Crainic Gendreau and Dejax (1993).
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econometric model based on a simple economic model, and then a time series 
analysis technique is applied.  Econometric results are discussed in section 4, 
and in this section an attempt will be made to assess if the incumbent level of 
well as some policy implications.
II. Literature Review
Estimating an optimum fleet size or capacity at a company level 
involves two issues: a long term fleet planning issue versus a short term 
fleet management or utilization optimization issue.  The short term fleet 
management issue handles such issues as improving operational efficiency 
through routing and scheduling and also shipping network management for 
primarily estimating an optimum number of vessels for the given level of 
cargo demand and voyage characteristics.
Fleet management involves short term issues of routing or scheduling of 
vessels, and there are numerous studies conducted in this regard. For example, 
considered was the optimization of fleet deployment for a liner operator3) 
and between owned and charted vessels,4) respectively. Some efforts were 
made to evaluate different routes, schedules and time window constraints 
on loading and discharging with a view to examining the trade off between 
customer service level and transportation costs in the liner industry.5) A 
light of various ship routing and scheduling.6)
utilization for containership investigates not only routing and scheduling 
of the vessels but also network design problems and empty container 
repositioning issues.7) 
3) Powell and Perakis (1998).
4) Fagerholt (1999).
5) Fagerholt (2001).
6) Christiansen et al (2004). 
7) See Crainic et al (1993) ; Sambracos et al (2004) ; Olivio et al (2005) ; Shintani et al (2007). 
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8) 
It is because the fleet sizing is essentially a long-term planning problem 
(number of trips leaving each node of the network) and the characteristics 
of each trip (length, uncertainty, etc.), what is the optimal number of vessels 
needed to satisfy the demands. This category of studies was frequently done 
more in fisheries in terms of the sustainable catch, and recently attempts 
were made in outside fisheries too. For example, the optimum number of 
ships required to meet a given distribution task in Singapore was calculated 
by using the mixed integer programming.9) An algorithm was suggested for 
combining two techniques of linear programming and dynamic programming 
in addressing the fleet deployment problem and planning for a shipping 
company.10) 
However, for these techniques to be effectively used for estimating the 
optimal fleet capacity a large amount of information is required on the 
physical parameters of each tanker and also other key statistics relevant for 
the company’s operations.11)
12)  Above all, they focus 
Korea.  Korea’s shipping industry during its fast growth period experienced 
the rationalization and restructuring at least twice. One happened in 
1984 and the other more recently in 2009. The efforts were to address 
excessive capacity, deteriorating profit rates, accumulating debt burdens 
and subsequently the industry’s declining competitiveness.13) Usually non-
parametric approaches were adopted to address these problems and simply 
estimate vessels demand to assess, for example, the impact of Russian pipelines 
on tanker demand14) or using a simple quotient method to estimate LNG 
8) Imai and Rivera (2001).
9) Bendall and Stent (2001).
10) Xie et al. (2000)
11) Kurup and Devaraj (2000).
12) Xie, et al. (2000).
13) Choi, Choe and Park (2010); Choi and Park (2009).
14) Pechlivanidiou, A. (2005).
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tankers for Korea.15)
own oil tankers,16) while another study econometrically estimated the world 
tanker demand.17) However, there seems no country level econometric study 
was conducted to estimate tanker capacity and compare it with the country’s 
future demand for oil import, thus leaving a vacuum in the literature.  
III. The Model and the Data
1. The model
Given the fact that no previous study provides an adequate benchmark 
feature of the oil tanker market seems appropriate and reasonable for Korea 
switched to chartering of oil tankers, especially in the 1980s.18) 
Among other things, it is safe to assume that the higher the freight rate, oil 
crude oils from exporting regions to the country while adjusting their 
inventories, accordingly. On the contrary, the larger the volume of crude oil 
import, the demand for oil tankers by the refineries will naturally increase. 
Similarly, a higher international oil price will lead to create a larger tanker 
purpose. At the same time, however, this particular variable may exert a long 
term negative effect on reducing oil tanker demand by reducing the demand 
for crude oil. Therefore, the true impact of international oil price on the vessel 
demand would remain indeterminate.
following :
15) Ha, Seo and Ahn (2011), pp. 1-20.
16) Bek et al. (2002), pp. 373-381.
17) Beenstock and Vergottis (1989).
18) Bek et al. (2002), pp. 373-381.
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         (Eq. 1)
where V D represents vessel demand, FR the freight rate, Q the volume of oil 
import, and OP an international oil price.
On the supply side of the oil tankers, the two forces are considered which 
theoretically work in opposite directions against one another.  The shipping 
companies perceive the freight rate as an important variable for their decision 
to supply or increase their fleet capacity to the market. The oil tanker fleet 
by the shipping companies comes from two sources: constructing to own 
a new tanker or chartering from international tanker markets using BBC/
PO. For both constructing and chartering, however, the shipping companies 
are subjected to the cost of interest payments. The higher the interest rate, 
the less the shipping companies are willing to increase its chartering oil 
tankers, eventually reducing the fleet capacity. The shipping company may 
also become reluctant to supplying more tankers if the cost for its crews and 
seafarers rises. So, the vessel supply function by the shipping companies is 
         (Eq.2 )
where V S represent vessel supply, where FR the freight rate, IR interest rate, 
and SW seafarers wage.
Assuming that both the tanker demand and supply are linear functions of 
their own arguments and dropping out from the model the seafarers wage for 
which no reliable data are consistently available, the model is explicitly set 
such that :
         (Eq. 3)
where ex ante 1 is negative, 2 positive  in signs while the sign of 3 may be 
indeterminate.
         (Eq. 4)
V D = f(FR, Q, OP)
V S = h(FR, IR, SW)
V S 0 1 2IR
V D 0 1 2 3OP
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where ex ante 1 is positive, and 2 negative in signs.
From Equations (3) & (4) the oil tanker capacity at the equilibrium is a 
function of the volume of crude oil to transport, interest rate, and oil price. In 
         (Eq. 5)
where 1 is positive, 2 negative, and 3 indeterminate in signs, respectively.
2. The data
The oil tanker capacity data for Korea represents that owned by Korean 
obtained under BBC/PO. For the 1980-2009 periods only the annual gross 
tonnage data is available although DWT may be more suitable. The annual 
data for the volume of crude oil import is available in thousand barrels and 
obtained from Korea Energy Information and Statistics Service (KESIS: 
www.kesis.net). Oil price data represents the unit price of Korea’s imports, 
i.e. per barrel unit cost, also obtained from KESIS for the relevant period.  
The interest rate used shows the euro-dollar 3 month deposit rate which is 
popularly used to represent an international capital price, obtained from the 
US Federal Reserve for the corresponding period. 
IV. Econometric Results and Discussion
1. Econometric model
Adding a stochastic error term to (Eq. 5), the econometric model for 
estimating the oil tanker fleet capacity for a nation, i.e. Korea, is set as 
following :
         (Eq. 6)
where the error terms, (0, 2 )
In our actual estimation logarithmic transformed variables will be used so 
V * 0 1 2 3OP
V t 0 1Qt 2IRt 3OPt t
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the respective variable, with the annual data covering 1980-2009. Since the 
data spans relatively a long time period each series may be unstable. Thus, 
checking its stationarity is important to avoid any spurious regression arising 
from using unrelated non-stationary data.19) 
Instead of testing each series individually for the stationarity, a built-in 
mechanism for testing unit roots in EViews is used to test the series as a 
group. It allows the test for a common unit roots, as well as individual unit 
individually do not reject the null hypothesis of unit roots, indicating them 
being non-stationary, as shown in <Table 1>. Subsequently, we conduct 
another unit root test for the 1st differenced series and reject this time the null 
of unit roots, indicating that all the data series under consideration are I(1), as 
in <Table 2>. 
<Table 1> Unit Root Test of the series in level form
Sample: 1980 2009
Series: LVL, LQT, LOP, LIR
Exogenous variables: None
Automatic selection of maximum lags
Automatic selection of lags based on SIC: 0 to 4
Newey-West bandwidth selection using Bartlett kernel
Method Statistic Prob.** Cross-sections Obs
Null: Unit root (assumes common unit root process) 
Levin, Lin & Chu t*  1.19053  0.8831  4  110
Breitung t-stat  0.22566  0.5893  4  106
Null: Unit root (assumes individual unit root process) 
ADF - Fisher Chi-square  10.1147  0.2571  4  110
PP - Fisher Chi-square  5.89103  0.6594  4  116
** Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume 
asymptotic normality.
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<Table 2> Unit Root Test of the series in 1st difference
Sample: 1980 2009
Series: LVL, LQT, LOP, LIR
Exogenous variables: None
Automatic selection of maximum lags
Automatic selection of lags based on SIC: 0 to 1
Newey-West bandwidth selection using Bartlett kernel
Method Statistic Prob.** Cross-sections Obs
Null: Unit root (assumes common unit root process) 
Levin, Lin & Chu t* -6.41742  0.0000  4  110
Breitung t-stat -4.21121  0.0000  4  106
Null: Unit root (assumes individual unit root process) 
ADF - Fisher Chi-square  59.9346  0.0000  4  110
PP - Fisher Chi-square  51.4908  0.0000  4  112
** Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume 
asymptotic normality.
2. Discussion of the results
All series are non-stationary I(1), and subsequently we conduct a 
cointegration test among the variables.  At this juncture we make an 
innovation by estimating an error correction model of the series because 
a vector error correction (VEC) model has cointegration relations built in 
the specification. In the VEC specification the long-run behavior of the 
endogenous variables converge to the long run cointegrating relationship 
while a short run dynamic adjustment is taking place. The coefficient 
appearing for the cointegration equation, known as the error correction term, 
shows the speed of gradual adjustment towards the equilibrium when a 
deviation occurs from the long run equilibrium.  
A further innovation is attempted in specifying the error correction model. 
We treat the interest rate as an exogenous variable while regarding all other 
variables as endogenous.  In this case, the long run cointegration equation 
would appear only among three kinds of the data series: oil tankers (lvl), the 
volume of oil import (lqt), and the price of oil (lop). This rather arbitrary 
selection and treatment of the interest rate was based on our a priori belief 
that the interest rate of Euro-Dollar 3 month deposit rate is determined outside 
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the long run relationship of the model considered in this paper. And the results 
are presented below in <Table 3>.  
The result table shows that the long run equilibrium oil tankers are corrected 
downwards to the long run equilibrium if lvl > ( ^1 lqtt
^
3 lopt ), which is 
which shows the normalized elasticity for the respective variable. 
The cointegration equation is :
         (Eq. 7)
According to this cointegration equation, the long term elasticity of oil 
tankers with respect to a 10% increase in the volume of crude oil import is 
13.8% while a 10% increase of the oil price increase will lead to about 9.5% 
of the vessel capacity.
<Table 3> Error Correction Estimates
 Sample (adjusted): 1983 2009
 Included observations: 27 after adjustments










Error Correction: D(LVL) D(LQT) D(LOP)
CointEq1 -0.353759  0.068175 -0.258581
 (0.08305)  (0.03505)  (0.13849)
[-4.25972] [ 1.94530] [-1.86712]
D(LVL(-1))  0.144349  0.015035  0.221258
 (0.16139)  (0.06811)  (0.26915)
[ 0.89438] [ 0.22075] [ 0.82208]
lv^tt = -6.5223 + 1.3843lqt + 0.9489lop
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D(LVL(-2)) -0.157243  0.039397 -0.113308
 (0.14639)  (0.06178)  (0.24413)
[-1.07412] [ 0.63773] [-0.46414]
D(LQT(-1)) -0.333658  0.142437  0.578437
 (0.44940)  (0.18965)  (0.74944)
[-0.74244] [ 0.75105] [ 0.77183]
D(LQT(-2))  0.070500  0.503736 -1.182715
 (0.44342)  (0.18713)  (0.73946)
[ 0.15899] [ 2.69196] [-1.59942]
D(LOP(-1)) -0.101131  0.073043 -0.459892
 (0.17379)  (0.07334)  (0.28981)
[-0.58192] [ 0.99596] [-1.58685]
D(LOP(-2)) -0.569560 -0.062694 -0.242247
 (0.16049)  (0.06773)  (0.26763)
[-3.54898] [-0.92572] [-0.90516]
C -0.237776  0.045895 -0.093968
 (0.12015)  (0.05070)  (0.20036)
[-1.97907] [ 0.90519] [-0.46900]
LIR  0.210564 -0.019324  0.110699
 (0.07801)  (0.03292)  (0.13009)
[ 2.69931] [-0.58702] [ 0.85097]
 R-squared  0.653925  0.538088  0.285332
 Adj. R-squared  0.500114  0.332794 -0.032298
 Sum sq. resids  0.441127  0.078558  1.226756
 S.E. equation  0.156547  0.066063  0.261062
 F-statistic  4.251488  2.621061  0.898317
 Log likelihood  17.23116  40.52528  3.423417
 Akaike AIC -0.609716 -2.335206  0.413080
 Schwarz SC -0.177770 -1.903261  0.845026
 Mean dependent  0.049432  0.054465  0.021921
 S.D. dependent  0.221417  0.080878  0.256945
 Determinant resid covariance (dof adj.)  4.75E-06
 Determinant resid covariance  1.41E-06
 Log likelihood  66.95903
 Akaike information criterion -2.737706
 Schwarz criterion -1.297887
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Now, we use the long run elasticity for the oil tanker in relation to the 
volume of crude oil import given in (Eq. 7) in order to assess if the incumbent 
capacity of oil tanker would be over or under the required tonnage to 
transport Korea’s future oil demand up to 2030.  Certainly this particular 
exercise depends critically on how accurately the future demand for crude 
provides projections about Korea’s future crude oil demand in 2008, which is 
reproduced in <Table 4>. 
<Table 4> Benchmark Oil Demand Projections
2015 2020 2025 2030
Oil(M TOE) 109.8 115.1 119.7 117.2
Oil(M bbl) 751.1 787.4 818.9 801.8
Growth Rate -4% 1% 5% 3%
According to that projection, Korea’s crude oil demand will remain at 751.1 
million barrels in 2015, down approximately by 4% from 778.48 million 
barrels of the oil import in 2009.  After this period, the figures increase to 
787.4 million barrel in 2020, but equivalent to a mere 1% increase, until it 
jumps to 818.9 million in 2025, equivalent to a 5% increase.  However, the 
3% increase from the 2009 level.
Based upon this scenario of the growth rates, we make an attempt to project 
the required gross tonnage of the oil tankers by combining the long term 
capacity is presented in Table 5.  
<Table 5> Projected Oil Demand and Required Oil Tanker in Korea (2015-2030)
2009 2015 2020 2025 2030
Oil (M bbl) 778.48 751.1 787.4 818.9 801.8
Oil Tanker (M GT) 6.73 6.40 6.84 7.21 7.01
The required % Changes in MGT -4.87% 1.59% 7.19% 4.15%
(% relative to 2009) 95.1% 101.6% 107.2% 104.1%
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It shows that when crude oil import increase by 10% it will lead to 13.843% 
increase in the gross tons of the oil tankers.  Therefore, under the scenario 
the gross tonnage of the tankers will decrease to 6.40 million GT in 2015, 
which is equivalent to approximately 4.87% down from the 2009 level.  
Consequently, the required fleet size in 2015 hovers around 95.1% of the 
2009 level.  The 2009 fleet capacity of the oil tanker in Korea is clearly 
above what is required for transporting Korea’s crude oil import demand in 
2015, creating a serious overcapacity problem. Such an overcapacity would 
continue exerting a serious downward pressure on the freight rate because it 
was already down from $2.48 per barrel in 2008 to $1.45 per barrel in 2009.  
This lowered freight rate will contribute to further exacerbating the profit 
structure of Korean shipping companies and thus influencing the overall 
shipping industry in Korea. 
The figures in <Table 5> show that the required fleet capacity increases 
to 6.84 million GT in 2020. Nevertheless, the increase is only moderate, 
accounting for 101.6% of the fleet capacity in 2009.  A bright picture will 
2025, creating an upward pressure on the freight rate, if shipping companies 
can survive for almost 15 years from the earlier period’s hardships.  Even this 
honeymooning period may not last long because the required tonnage will be 
down again to 7.01million GT by 2030.
V. Concluding Remarks
Rapid industrialization of Korea has led to a high dependence on imported 
energy sources, especially crude oil of which there is no domestic production 
at all. Korean government has focused on the stable supply of the crude oil 
when international oil price fluctuated unpredictably and/or when terrorist 
activities took place on the Korea’ major crude oil shipping routes.20)  A 
simultaneous increase in the oil tanker fleet capacity of Korea raised a 
concern over its long term sustainability.  The concern stemmed from that 
fact that Korea’s shipping industry has already experienced restructurings and 
rationalizations at least twice: in 1984 and more recently in 2009.
20) Luft and Korin (2004), 61-71.
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to transport the future demand for Korea’s crude oil import, a time serious 
econometric model with vector error correction modeling technique was 
deployed to address this issue. The results of this paper show that given the 
long run elasticity of 1.3843 in relation to the one percent increase of Korea’s 
be created in short to medium terms until 2015.  This paper argues that such 
an excess capacity will create a substantial downward pressure on freight rate 
which is already down in 2009.  Such a downward pressure will contribute a 
A little brighter picture kicks in 2025, creating an excess demand.  However, 
then and till 2030.
While a gloomy picture overcasts for Korea’s shipping companies, especially 
oil transporting companies, the paper acknowledges some limitations.  The 
limitation comes from the three sources: the paucity of the available data 
annual series covering 1980-2009.  Although the time span is long enough it 
generates 30 observations only. It is well known that 30 observations may not 
may be considered as an advantage because the model presented is quite 
tractable and useful for policy consideration at the industry level, as well as 
at the national level. The last, but not the least, limitation is that this paper did 
not consider explicitly the fact that the international crude oil tanker market is 
such that any excessive or short fall of capacity could be easily marketed. For 
a country like Korea which completely relies on crude oil import, however, 
mandate. With a possibility of emerging excessive capacity of the oil tankers 
over the planning horizon, therefore, the results of this paper suggest that 
it could also be a suitable strategic option for Korea or Korean shipping 
companies to capitalize the situation of the international crude oil tanker 
market.*
* Date of Contribution ; Jan. 1, 2012
   Date of Acceptance ; March 30, 2012
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